(19) 



J 



Europaisches^P§ntamt 

European Patent Office 
Office europeen des brevets 




(12) 



(id EP 0 866 513 A2 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) IntCI 6 H01P5/10 




23.09.1998 Bulletin 1998/39 


(21) 


Application number: 98660020.3 




(22) 


Date of filing: 19.03.1998 




(84) 


Designated Contracting States: 


(72) Inventor: Vaisanen, Risto 




AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


24100 Salo(FI) 




NL PT SE 




Designated Extension States: 


(74) Representative: Levi in, Jan Markus 




AL LT LV MK RO SI 


Berggren Oy Ab 






P.O. Box 16 


(30) 


Priority: 20.03.1997 Fl 971165 


00101 Helsinki (Fl) 


(71) 


Applicant: NOKIA MOBILE PHONES LTD. 






02150 Espoo(FI) 





(54) Phasing and balancing member 

(57) The invention relates to processing of radio fre- 
quency signals, particularly to the balancing of signals. 
The phasing and balancing member according to the in- 
vention is based on the use of four parallel strip lines 
(10, 20, 30, 40). The strip lines are combined as two 
pairs (10, 40; 20, 30), which are located within each oth- 
er. In the line pair (20, 30) connected the unbalanced 
signal the other ends (22, 32) are interconnected, and 
in the line pair (10, 40) connected to the balanced signal 
the other ends (12, 42) are connected to a point corre- 



sponding to the signal's zero potential. In the different 
lines of each pair the signal travels in opposite direc- 
tions, whereby the radiation fields generated by the sig- 
nals travelling in the different lines substantially cancel 
each other. Preferably capacitive members (50, 60) are 
further connected to those ends (14, 44; 24, 34) of the 
strip line pairs which are connected to the signals, 
whereby each strip line pair in combination with the ca- 
pacitive member connected to it forms a resonance cir- 
cuit. 
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Description 

The invention relates to processing of radio fre- 
quency signals, particularly to the balancing of signals. 

Transformers are usually used for the balancing 
and phasing of radio frequency signals. Transformers 
wound on aferrite core perform well at low frequencies. 
When the frequency increases the characteristics of the 
ferrite core deteriorate, so that ceramic bodies are typ- 
ically used as transformer cores in the 900 MHz frequen- 
cy range, for instance. 

Wound transformers are expensive, however, and 
therefore also strip line transformers according to figure 
1a are used at high frequencies. Regarding the balanc- 
ing characteristics at high frequencies a strip line trans- 
former performs at least as well as wound transformers, 
and a strip line transformer is also very cheap to manu- 
facture. The strip line transformer according to figure la 
is described in more detail in the Finnish patent publi- 
cation No. 91930, or in the corresponding British patent 
application publication GB-9203902.3. 

Figures 1b and 1c show examples of some other 
prior art structures realised with strip lines. The struc- 
tures of figures 1 b and 1 c are band-pass filters. It is typ- 
ical for these structures that the length of the strips is 
determined according to the operating frequency of the 
structure, whereby the length of the structure can not be 
freely selected. Other structures realised with strip lines, 
such as filters and directional couplers of other types, 
are described in the books Leo Young, "Microwave Fil- 
ters Using Parallel Coupled Lines" : Artech House, Ded- 
ham, Massachusetts 1972, and Matthaei, Young, 
Jones, "Microwave Filters, Impedance-Matching Net- 
works and Coupling Structures", Artech House, Ded- 
ham, Massachusetts 1980. 

However, there are certain problems with the strip 
line transformers. The relatively large area on a printed 
circuit board required by a strip line transformer has 
many inconvenient effects. The signal strength radiated 
by a member formed by strip lines on a printed circuit 
board is directly proportional to the member's size, so 
the signals appearing in a strip line transformer are eas- 
ily coupled by radiation to other stages of the device, 
and correspondingly, signals from other stages are eas- 
ily coupled to the strip line transformer. Mounting errors 
in other parts of the devices will also easily influence the 
characteristics of a strip line transformer due to the large 
area of a strip line transformer. A typical mounting error 
causing problems in connection with strip line transform- 
ers is RF shielding cover askew: because the area of 
the strip line transformer is rather large the distance to 
the skew RF shielding cover will vary, when measured 
at different positions of the strip line transformer. This 
has an influence i.a. on the balance characteristics of 
the strip line transformer. 

An object of the invention is to realise a phasing and 
balancing member, which has a smaller size than prior 
art solutions. An object of the invention is also to realise 



a phasing and balancing member, which causes less 
high frequency radiation than a strip line transformer A 
further object of the invention is to realise a phasing and 
balancing member which is less sensitive to external 
s interference signals than a strip line transformer. 

The objects are attained by realising the phasing 
and balancing member with two strip line pairs located 
within each other, whereby the ends opposite to those 
ends connected the unbalanced signal in one line pair 
io are interconnected, and whereby the ends opposite to 
those ends connected to the balanced signal in the sec- 
ond line pair are connected to a point corresponding to 
the zero potential of the signal. Then the signal in each 
pair travels in opposite directions in the lines of a pair, 
is whereby the radiation fields generated by the signal in 
the different lines substantially cancel each other. 

A phasing and balancing member according to the 
invention is characterised in that which is stated in the 
characterising part of the independent claim directed to 
20 a phasing and balancing member. A mobile communi- 
cation means according to the invention is characterised 
in that which is stated in the characterising part of the 
independent claim directed to a mobile communication 
means. The dependent claims describe further advan- 
25 tageous embodiments of the invention. 

The phasing and balancing member according to 
the invention is based on the use of four parallel strip 
lines. The strip lines are combined as two pairs, which 
are located within each other In the line pair connected 
30 to the unbalanced signal the other ends are intercon- 
nected, and in the line pair connected to the balanced 
signal the other ends are connected to a point corre- 
sponding to the signal's zero potential. In the different 
lines of each pair the signal travels in opposite direc- 
ts tions, whereby the radiation fields generated by the sig- 
nals travelling in the different lines substantially cancel 
each other. Preferably there are further capacitive mem- 
bers connected to the ends of the strip line pairs, which 
are connected to the signals, whereby each strip line 
40 pair in combination with the capacitive member connect- 
ed to it forms a resonance circuit. 

Below the invention is described in more detail with 
reference to preferred embodiments shown as exam- 
ples, and to the enclosed figures, in which: 

45 

figure 1a shows a prior art strip line transformer; 

figure 1 b shows a prior art strip line filter; 

so figure 1c shows another prior art strip line filter; 

figure 2 shows a preferred embodiment of the in- 
vention; 

55 figure 3 shows another preferred embodiment of the 
invention; 

figure 4 shows a third preferred embodiment of the 
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invention; 

figure 5 shows a fourth preferred embodiment of the 
invention; 

figure 6 shows a mixer realised with a structure ac- 
cording to the invention; 

figure 7 shows a preferred embodiment of the in- 
vention, in which the unbalanced and the balanced 
signals are supplied to the structure according to 
the invention at the same end of the structure; 

figure 8a shows a preferred embodiment of the in- 
vention, which utilises the different layers of a mul- 
tilayer printed circuit board; 

figure 8b shows another preferred embodiment of 
the invention, which utilises the different layers of a 
multilayer printed circuit board; and 

figure 9 shows a preferred embodiment of the in- 
vention, in which a phasing and balancing member 
according to the invention is utilized in a mobile 
communication means. 

The same reference numerals and markings are 
used for equivalent parts. 

It is already known to use parallel strip lines in a 
filter, in which the strip lines are shortened by a capac- 
itance. In the solution according to the invention the par- 
allel strip lines are used for signal balancing or for signal 
phasing. 

Figure 2 shows an advantageous embodiment of 
the invention. In this embodiment the first ends 22, 32 
of the middle strip lines 20, 30 are shorted. A first ca- 
pacitive matching member 50 is connected between the 
other ends 24, 34, whereby the middle strip lines 20, 30 
and the first capacitive matching member 50 form a first 
resonance circuit having a certain resonance frequency 
predetermined by the dimensioning of the strip lines 20, 
30 and the first capacitive matching member 50. 

The unbalanced signal is supplied to the input 
ASYM of the capacitive member. The first ends 12. 42 
of the outer strip lines 10, 40 are connected to a point 
corresponding the zero potential ol the balanced signal. 
In the embodiment of the figure 2 the ends of said strip 
lines are connected to the ground. A second capacitive 
member 60 is coupled between the other ends of the 
outer strip lines, whereby the resonance circuit formed 
by the outer strip lines 10, 40 and the second capacitive 
member 60 can be made to resonate at the desired op- 
erating frequency with the aid of this capacitive member. 
The desired balanced signal is obtained at the terminals 
of the second capacitive member 60. The phase differ- 
ence of the signal is 180 degrees between said termi- 
nals. 

The signal can also travel in a direction opposite to 



that described above, whereby the balanced signal is 
supplied to the terminals SYM and the unbalanced sig- 
nal is obtained at the terminal ASYM. 

In an advantageous embodiment of the invention 

s the resonance frequency generated by the first strip line 
pair 20, 30 and the first capacitive matching member 50 
is substantially the same as the resonance frequency of 
the resonance circuit lormed by the second strip line pair 
10, 40 and the second capacitive matching member. 

10 Figure 3 shows an advantageous structure for the 
first capacitive member 50. Advantageously the first ca- 
pacitive matching member 50 can comprise three ca- 
pacitors, as shown in figure 3. Advantageously the sec- 
ond capacitive member 60 can comprise one capacitor, 

15 as shown in figure 3. 

The first ends 12, 42 of the strip lines carrying the 
balanced signal are connected to a point which corre- 
sponds to the zero potential of the balanced signal, as 
was mentioned in connection with the description of fig- 

20 ure 2. In the example of figure 2 said first ends 12, 42 
are connected to ground. They can also be intercon- 
nected, as in the embodiment shown in figure 3, or an 
RF signal at the ends can be connected to ground 
through capacitors. 

25 Figure 4 shows an advantageous embodiment of 
the invention in which the strip lines 10, 40 carrying the 
balanced signal are the inner lines, and the strip lines 
20, 30 carrying the unbalanced signal are the outer 
lines. In other respects the function of the embodiment 

30 in figure 4 corresponds to that of figure 2. 

A problem with balancing and phasing members re- 
alised on printed circuit boards having very densely lo- 
cated components is the influence of other adjacent 
components or strip lines on the balancing characteris- 
es tics. The influence of the adjacent components can be 
substantially reduced by strip lines 70, 80, which are 
formed adjacent to the phasing and balancing member, 
and which are connected to the ground at least at one 
point. Close to the grounded strip lines it is possible to 

40 locate other components, which then have substantially 
no negative influence on the phasing and balancing 
member. 

Figure 6 shows a biased diode mixer as a possible 
application of the phasing and balancing member. A 

45 mixer of this type has two inputs, the local oscillator sig- 
nal input LO and the high frequency signal input RF. The 
mixing of these signals results in the intermediate fre- 
quency which is connected to the output IF. A DC current 
is supplied via resistors R1 , R2 to the ends of the outer 

50 strip lines 10, 40, whereby the current is connected to 
the diodes D1 , D2 through the strip lines. Regarding the 
high frequency signal the ends of the strip lines are con- 
nected to ground by the capacitors C1 , C2. In this em- 
bodiment the first capacitive member 50 comprises two 

55 capacitors, whereby the local oscillator signal at the in- 
put LO isgalvanically isolated from ground. The purpose 
of the capacitor C3 is to transmit the high frequency sig- 
nal at the RF input to the mixer. The purpose of the in- 
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ductance L1 in this circuit is to prevent the high frequen- 
cy signal from passing to the intermediate frequency sig- 
nal output IF. 

The solution shown in figure 6 also illustrates an in- 
ventive application, in which both strip line pairs do not s 
form a resonance circuit. In the embodiment of this fig- 
ure the strip lines 20, 30 conveying the unbalanced sig- 
nal in combination with the first capacitive member 50 
do not form a resonance circuit resonating at the oper- 
ating frequency. In this embodiment the strip lines 10, 
40 conveying the balanced signal and the second ca- 
pacitive member 60 form a resonance circuit, whose 
resonance frequency substantially corresponds to the 
local oscillator frequency 

Above we presented illustrative examples of such 
inventive embodiments, in which either the balanced 
signal or the unbalanced signal is supplied to the first 
end of the strip line structure and the other signal is out- 
put at the other end of the strip line structure 10, 20, 30, 
40. Figure 7 shows a structure, in which one of the sig- 
nals is supplied to one end of the strip line structure 10, 
20, 30 . 40, and the other signal is output at the same 
end. In other respects the function of this embodiment 
corresponds to that of e.g. figure 2. The balancing char- 
acteristics of the solution according to figure 7 are not 
necessarily as good as the characteristics of the embod- 
iment shown in figure 2, because the direct coupling be- 
tween the adjacent terminals SYM, ASYM may disturb 
the balance of the structure. An embodiment of this type 
may be suitable for instance in such applications where 
both terminals SYM, ASYM of the phasing and balanc- 
ing member are connected to the same integrated cir- 
cuit. 

In the above examples we presented illustrative 
structures realised in one plane. The structure accord- 
ing to the invention can also be realised utilising the dif- 
ferent layers in a multilayer printed circuit board, where- 
by the strip line pairs can be located in different layers 
of the printed circuit board. In such a structure the strip 
line pairs can for instance be parallel, but located in dif- 
ferent layers of the printed circuit board. The strip line 
pairs 10, 40; 20, 30 can for instance be fully superim- 
posed, in the manner shown in figure 8a. On the multi- 
layer printed circuit board the phasing and balancing 
member according to the invention can also be realised 
so that the strips 10, 40; 20, 30 of a pair are on different 
levels, in the manner shown in figure 8b, whereby their 
connections at one end can be realised for instance by 
a lead-through member 100 in accordance with the 
printed circuit board technology which is used. For the 
sake of clarity, the other components of the phasing and 
balancing member according to the invention and the 
printed circuit board are not shown in the figures 8a and 
8b, and the strips in the first layer of the printed circuit 
board are drawn as solid lines, and the strips and any 
lead-throughs in the second layer of the printed circuit 
board are drawn as broken lines. 

Fig. 9 shows a block diagram of a digital mobile 



communication means according to an advantageous 
embodiment of the invention. The mobile communica- 
tion means comprises a microphone 301, keyboard 307, 
display 306, earpiece 314, antenna duplexeror switch 
308, antenna 309 and a control unit 305, which all are 
typical components of conventional mobile communica- 
tion means. Further, the mobile communication means 
contains typical transmission and receiver blocks 304, 
311. Transmission block 304 comprises functionality 
necessary for speech and channel coding, encryption, 
and modulation, and the necessary RF circuitry for am- 
plification of the signal for transmission. Receiver block 
31 1 comprises the necessary amplifier circuits and func- 
tionality necessary for demodulating and decryption of 
the signal, and removing channel and speech coding. 
The signal produced by the microphone 301 is amplified 
in the amplifier stage 302 and converted to digital form 
in the A/D converter 303, whereafter the the signal is 
taken to the transmitter block 304. The transmitter block 
encodes the digital signal and produces the modulated 
and amplified RF-signal, whereafter the RF signal is tak- 
en to the antenna 309 via the duplexer or switch 308. 
The receiver block 31 1 demodulates the received signal 
and removes the encryption and channel coding. The 
resulting speech signal is converted to analog form in 
the D/A converter 312, the output signal of which is am- 
plified in the amplifier stage 313, whereafter the ampli- 
fied signal is taken to the earpiece 314. The control unit 
305 controls the functions of the mobile communication 
means, reads the commands given by the user via the 
keypad 307 and displays messages to the user via the 
display 307. According to an advantageous embodi- 
ment of the invention, the mobile communication means 
further comprises a mixer 320 in the receiver block 31 1 . 
The mixer can, for example, be of the type presented in 
figure 6 and described previously The mixer 320 in turn 
comprises a phasing and balancing member 321 , which 
can, for example, be of the type presented in figure 6 
and described previously. However, the invention is not 
limited to the use of the phasing and balancing member 
of figure 6 in a mobile communication means. Also other 
types of phasing and balancing members according to 
the invention, such as any of those described in this 
specification, can be used in a mobile communication 
means. The present invention is not limited to the em- 
bodiment of Fig. 9, which is presented as an example 
only. For example, the invention can as well be applied 
to an analog communication means. Such mobile com- 
munication means can, for example, be constructed for 
communication in the GSM (Global System for Mobile 
communications) network, UMTS (Universal Mobile Tel- 
ecommunication System) network or any other mobile 
communication network, including, but not limited to, so 
called third generation mobile communication networks 
using, for example, the W-CDMA technology. 

The structure according to the invention can be re- 
alised as a very narrow structure, whereby the phasing 
and balancing member according to the invention can 
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be used as a conventional transmission line to convey 
a signal on the printed circuit board The signal can be 
balanced and at the same time convey from one point 
to another, tor instance with the structure of figure 2. If 
the width of the strip lines is 0.2 mm, and when they are 
placed at a mutual distance of 0.2 mm, then a structure 
formed by four strip lines has a width of 1 .4 mm. On the 
other hand, when the printed circuit board has a thick- 
ness of 1 mm, then in the 900 MHz frequency range a 
strip line with the impedance 50 ohm is about 1 .6 mm 
wide. Thus the phasing and balancing member accord- 
ing to this example fits in the same space as a common 
50 ohm transmission line. The length of the structure 
formed by the strip lines can be changed by changing 
the dimensioning of the capacitive members 50, 60 at 
the ends of the strip lines in a manner well known to a 
person skilled in the art. The dimensioning ot the struc- 
ture according to the invention is not dependent on the 
wavelength ot the conveyed signal, its parts or multiples, 
but its length can be freely defined, because it is not 
necessary for the strips to have a certain length which 
is proportional to the signal's wavelength. With the aid 
of the invention a signal can be transformed during the 
conveyance from an unbalanced signal to a balanced 
signal, and vice versa. 

The structure according to the invention can be ad- 
vantageously used in many different circuit means, such 
as in balanced mixers, l/Q modulators and l/Q demod- 
ulators. 

To a person skilled in the art it is obvious that the 
strip lines can be of the microstrip type or the stripline 
type, for instance. It is also obvious that the capacitive 
members 50, 60 can be realised by discrete compo- 
nents, microstrip techniques, or by any other prior art 
means. 

In series production the solution according to the 
invention is substantially cheaper than a phasing and 
balancing member realised with a wound transformer. 

The electromagnetic radiation generated by the so- 
lution according to the invention and possibly coupled 
to other circuits of the equipment is lower than the radi- 
ation caused by prior art strip line solutions, because the 
electromagnetic radiation generated by a resonance cir- 
cuit realised with strip lines is proportional to the area of 
the resonance circuit. The area of a phasing and bal- 
ancing member according to the invention is substan- 
tially smaller that the area required by a prior art strip 
line transformer. The smaller area compared to prior art, 
which the solution according to the invention requires 
on a printed circuit board, also directly decreases the 
manufacturing costs, due to the saved printed circuit 
board area. 

The radiation is further decreased by the fact that 
the currents flow in opposite directions in the different 
strip lines of the stripline pairs 20, 30 and 10, 40, where- 
by the electromagnetic fields generated by the currents 
flowing in the strip lines substantially cancel each other. 
Less interference is thus coupled through radiation to 



the other circuits of the equipment, and the required 
shielding structures can be substantially simpler and 
cheaper. Interference coupled to the phasing and bal- 
ancing member is also lower, because the interference 

5 coupled to the different strip lines of the strip line pairs 
20, 30 and 10, 40 substantially cancel each other. 

The characteristics of the structure according to the 
invention is further improved by the fact that the short 
distance between parallel strip lines will reduce the det- 

10 rimental effects, which any local variations in the printed 
circuit board material can have on the characteristics of 
the structure. 

The solution according to the invention is also less 
sensitive to installation errors of any RF shields. Be- 

is cause the structure according to the invention is narrow, 
all strip lines will have almost identical distances to an 
RF shield, which is possible mounted erroneously 
askew over the structure. For instance, a mounting error 
of this kind will have a substantial effect on the charac- 

20 teristics of the prior art strip line transformer shown in 
figure 1 , because the distances between the strip lines 
in this strip line transformer and the RF shield will be 
different at different points of the structure, due the rel- 
atively large size of the structure. 

25 The phasing and balancing member according to 
the invention also reduces the need for RF shields com- 
pared to prior art, and thus it reduces the manufacturing 
costs. For instance when a conventional strip line trans- 
former is used, the strip line transformer must be shield- 

30 ed by an RF shielding cover soldered on a separate 
printed circuit board, if it is desired to achieve the same 
interference radiation level which is obtained using the 
phasing and balancing member according to the inven- 
tion without any particular shields. 

35 The phasing and balancing member according to 
the invention functions also as a band-pass filter, be- 
cause it contains at least one resonance circuit. Further 
the phasing and balancing member according to the in- 
vention also operates as an impedance matching 

40 means. 

The phasing and balancing member according to 
the invention is particularly well suited to be used in a 
direct conversion receiver and transmitter, because in 
direct conversion techniques in a receiver and a trans- 

45 mitterof this type, very important factors are a very good 
balance of the used VQ demodulator and VQ modulator 
and a coupling from one circuit member to another 
member, which is as low as possible. 

To a person skilled in the art it is obvious that the 

so different embodiments of the invention are not limited to 
the presented examples, but they may vary in accord- 
ance with the enclosed claims. 



55 Claims 

1 . A phasing and balancing member realised with strip 
lines and comprising a symmetric interface (SYM) 
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and an asymmetric interlace (ASYM), whereby the 
electromagnetic coupling between the interfaces is 
formed substantially with the aid of the electromag- 
netic coupling between the strip lines of said mem- 
ber, characterised in that 5 

it comprises four substantially parallel strip 
lines (10, 20, 30, 40), whereby said four strip 
lines (10, 20, 30, 40) form a first strip line pair 
(20, 30) and a second strip line pair (10, 40), io 
and 

whereby the first ends (22, 32) of said first strip 

line pair (20, 30) are interconnected, 

and that at least one of said strip line pairs (20, 

30; 10, 40) forms a part of a resonance circuit, '5 

which has a certain predetermined resonance 

frequency. 

2. A phasing and balancing member according to 
claim 1 , characterised in that 20 

it further comprises a first capacitive member 
(50) connected to said first strip line pair (20, 
30), 

whereby said first capacitive member and said 25 
first strip line pair form said resonance circuit. 

3. A phasing and balancing member according to 
claim 1 , characterised in that 

30 

it further comprises a second capacitive mem- 
ber (60) connected to said second strip line pair 
(10,40), 

whereby said second capacitive member and 
said second strip line pair form a resonance cir- 35 
cuit resonating at a certain predetermined fre- 
quency. 



which are located in parallel with the group 
formed by said four strip lines (10, 20, 30, 40), 
one on each side of said group, 
and both said two strip lines (70, 80) are con- 
nected to the ground potential at least at one 
point. 

8. A mobile communication means having a phasing 
and balancing member realised with strip lines and 
comprising a symmetric interface (SYM) and an 
asymmetric interface (ASYM), whereby the electro- 
magnetic coupling between the interfaces is formed 
substantially with the aid of the electromagnetic 
coupling between the strip lines of said member, 
characterised in that the phasing and balancing 
member comprises 

four substantially parallel strip lines (10, 20, 30, 
40), whereby said four strip lines (10, 20, 30, 
40) form a first strip line pair (20, 30) and a sec- 
ond strip line pair (10, 40), 
whereby the first ends (22, 32) of said first strip 
line pair (20, 30) are interconnected, 
and in which phasing and balancing member at 
least one of said strip line pairs (20, 30; 10, 40) 
forms a part of a resonance circuit, which has 
a certain predetermined resonance frequency. 



4. A phasing and balancing member according to 
claim 1 , characterised in that the first ends (1 2, 42) 40 
of the strip lines (10 : 40) of said second strip line 
pair are interconnected. 



5. A phasing and balancing member according to 
claim 1 , characterised in that the first ends ( 1 2, 42) 45 
of the strip lines (10 : 40) of said second strip line 
pair are connected to the ground potential. 



6. A phasing and balancing member according to 
claim 1 , characterised in that the first ends (12, 42) so 
of the strip lines (10. 40) of said second strip line 
pair are connected through a capacitance to the 
ground potential. 



7. A phasing and balancing member according to $ 5 
claim 1 , characterised in that 



it further comprises two strip lines (70, 80) 
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(54) Phasing and balancing member 

(57) The invention relates to processing of radio fre- 
quency signals, particularly to the balancing of signals. 
The phasing and balancing member according to the in- 
vention is based on the use of four parallel strip lines 
(10, 20, 30, 40). The strip lines are combined as two 
pairs (10, 40; 20, 30), which are located within each oth- 
er. In the line pair (20, 30) connected the unbalanced 
signal the other ends (22, 32) are interconnected, and 
in the line pair (10, 40) connected to the balanced signal 
the other ends (12, 42) are connected to a point corre- 



sponding to the signal's zero potential. In the different 
lines of each pair the signal travels in opposite direc- 
tions, whereby the radiation fields generated by the sig- 
nals travelling in the different lines substantially cancel 
each other. Preferably capacitive members (50, 60) are 
further connected to those ends (14, 44; 24, 34) of the 
strip line pairs which are connected to the signals, 
whereby each strip line pair in combination with the ca- 
pacitive member connected to it forms a resonance cir- 
cuit. 
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